T HE SHORTAGE OF PRIMARY CARE
physicians in rural areas has been one of the most intractable US health policy problems of the past century. [1] [2] [3] [4] [5] With 20% of the US population residing in rural areas, but only 9% of physicians practicing there, 2 people living in rural areas constitute one of the largest underserved US populations. Rural residents are older, sicker, poorer, have less education, and are more likely to be uninsured than are urban residents. In addition, most of the federally designated physician shortage areas are in rural areas. 6 Despite the dramatic increase in the overall national supply of physicians during the past few decades, rural areas continue to be underserved. 3 Unfortunately, fewer than 3% of recent medical school graduates express plans to practice in rural areas or small towns. 7 Within this context, policy makers and educators continue to face the serious challenge of finding the most effective, and least costly, ways to increase the supply and retention of rural primary care physicians.
Although the role of medical schools in addressing this problem has been controversial for several decades, 4, [8] [9] [10] the outcomes of 7 US medical school programs developed to increase the supply of rural primary care physicians have been encouraging. [11] [12] [13] [14] [15] [16] [17] [18] One of these programs, the Physician Shortage Area Program (PSAP) of Jefferson Medical College ( JMC), a special admissions and educational program designed to increase the supply of rural family physicians, has been in existence since 1974. The PSAP recruits and selectively admits academically qualified students who grew up or lived in a rural area or small town, and who also have a firm commitment to practice the specialty of family practice in a similar area. The PSAP matriculants (averaging 14 per year, 6 .4% of JMC students) are provided with faculty advisors in the Department of Family Medicine throughout their medical school career, receive a small amount of additional financial aid (predominantly as repayable loans), and meet regularly with a family medicine faculty advisor to discuss issues related to rural family practice. During their third year, PSAP students are expected to take their required family medicine clerkship at a rural or small town location. Senior PSAP students are required to take their outpatient subinternship in family medicine, frequently electing a rural private office preceptorship. After graduation, PSAP graduates are expected to complete a family practice residency program and practice rural family medicine, although there is no formal mechanism to enforce compliance. Outcome studies have shown that the PSAP has been successful in (1) increasing the percentage of rural family physicians (Ͼ8 times that of their peers), (2) retaining rural family physicians (87% retention rate over 5-10 years in practice), and (3) having a major impact on the rural physician workforce, despite its small size (accounting for 21% of rural family physicians in Pennsylvania who graduated from 1 of the 7 allopathic medical schools in the state, even though PSAP students represent only 1% of graduates from those schools). [18] [19] [20] Despite these positive outcomes of the PSAP and other models, each of these comprehensive programs differs substantially in its admissions, curricular, financial, and other components. However, there are no data available regarding which components are most responsible for their success. Similarly, although prior research has identified background, educational, financial, and career factors that are individually correlated with rural primary care, 2, 5, 16, [21] [22] [23] [24] this decision is multifactorial and complex. Few studies have evaluated more than 1 variable at a time, their relative importance and interdependence, or their relationship to the critically important issue of retention. The extent to which these factors influence the supply and retention of rural primary care physicians is critical to the design of interventions to address this problem.
Our previous work in this area included a study to determine the independent predictors of JMC graduates practicing in rural Pennsylvania (any specialty), 24 and a retrospective survey of US medical school graduates from 1983-1984 to identify independent predictors of primary care physicians practicing in underserved and rural areas. 21, 25 To our knowledge, however, there is no previous study that identifies the independent predictors for rural primary care using prospectively collected data. In addition, no study has determined these predictors for PSAP graduates, or has compared their outcomes with their peers with similar background characteristics. Therefore, we undertook this study to identify those factors that are independently predictive of rural primary care supply and retention and to determine which components of the PSAP are responsible for its positive outcomes.
METHODS
The study population consisted of the 3414 physicians who graduated from JMC beween 1978 and 1993. Graduates were considered to be practicing in a rural area if their current address, obtained from the JMC Alumni Association in 1999, was in a county designated as a non-Standard Metropolitan Statistical Area (non-SMSA) in either 1978 or 1993. [18] [19] [20] Since physicians graduated from JMC throughout this period, the SMSA designations were used spanning those years. To determine whether inclusion of those counties that changed designation during this period appeared to affect our results, review of JMC graduates indicated that almost all (95.7%) were practicing in counties that had not changed their SMSA designation during that time.
Data on physician specialty were obtained from the Jefferson Longitudinal Study of Medical Education, an ongoing longitudinal cohort study tracking JMC graduates for more than 30 years. 26, 27 The Jefferson Longitudinal Study contains certification information from the American Board of Medical Specialties and self-reported specialty data from the American Medical Association Physician Masterfile (1999). As in our prior studies, [18] [19] [20] practice specialty was considered to be that in which board certification was obtained. For graduates who were board certified in 2 or more specialties, or who were not board certified in any specialty, primary self-reported specialty data from the American Medical Association Physician Masterfile were used. Primary care physicians included those practicing family medicine, general internal medicine, and general pediatrics.
For each JMC graduate, 19 predictor variables that had prospectively been collected during medical school and included in the Jefferson Longitudinal Study database were selected for this study, based on prior literature. 2, [18] [19] [20] [22] [23] [24] These variables were related to demographic background (sex, growing up in a rural area or small town, father's education, mother's education, and age entered medical school); premedical background (attended college in a rural area or small town, undergraduate science grade point average, Medical College Admission Test Biology and Reading scores); career plans as reported on a matriculation questionnaire (plans for family practice, plans to practice in a rural area or small town, expected length of work week after training [in hours], anticipated percentage of low-income patients in own practice); medical school programs and curricula (PSAP, National Health Service Corps [NHSC] scholarship program, rural or small town location of required third-year family medicine clerkship, elective senior-year rural family medicine preceptorship); and economic issues (freshman-year plan of expected income at the peak of their professional career, total medical school debt). For 7 of these variables (growing up in a rural area, father's education, mother's education, attending college in a rural area, freshman-year plan to work in a rural area, expected length of work week after training, and anticipated percentage of low-income patients in own practice), data had been collected only for graduates from the classes of 1978-1982. All other variables were available for graduates from all classes (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) . Three continuous variables were dichotomized based on prior research of expected peak income, 28 medical school debt, 29 and the anticipated percentage of lowincome patients in one's practice. 25 When no such guidance was available, continuous variables were dichotomized at the median. Analyses were done using SAS software (Version 8.0, SAS Institute Inc, Cary, NC).
Univariate analyses were performed to assess the relationship of these 19 predictive variables to the outcome of rural primary care practice, using relative risks with 95% confidence intervals (CIs). Independent predictors of rural primary care were then determined, using a multiple logistic regression model (backward selection method) for those variables that were univariately significant, and which were available for graduates from all 16 classes (1978-1993) . To determine the importance of the 7 additional variables collected only for 1978-1982 graduates, a second multivariate logistic model that also included those variables was similarly developed for graduates from these 5 classes.
A similar method was used to identify those factors predictive of retention of rural primary care physicians. For this analysis, the study population included 1978-1986 graduates who were previously determined to be practicing rural primary care in 1986 (for 1978-1981 graduates) or in 1991 (for 1982-1986 graduates). 19, 20 Those graduates still practicing rural primary care in 1999 (ie, 8-13 years after initially located in practice) were compared with graduates no longer in rural primary care.
To determine which components of the PSAP were responsible for its positive outcomes, univariate and multivariate analyses were similarly calculated for the subset of PSAP graduates. The relative importance of the admissions component of the PSAP was specifically analyzed, since prior experience and research suggested the potential importance of factors available at the time of matriculation to medical school, 18, 24, 25 and because these could be temporally separated from other factors. This was assessed by comparing rural primary care outcomes of PSAP graduates with non-PSAP graduates who had 2 previously reported key characteristics used to select PSAP students (ie, having grown up in a rural area and freshman-year plan for family practice). 24 Because data on growing up in a rural area were only collected for 1978-1982 graduates, these analyses were limited to those classes.
RESULTS
Data regarding both practice location and specialty were available for 3365 (98.6%) of the 3414 JMC graduates in the study, including 218 (99.1%) of 220 PSAP graduates. Overall, 5.6% (187/ 3365) of these graduates were practicing rural primary care in 1999, with a slightly lower percentage of rural primary care physicians in the 5 most recent classes (5.2%). Of all rural primary care physicians, 68.4% (128/ 187) were family physicians, 23.0% (n=43) were general internists and 8.6% (n=16) were general pediatricians. To understand the importance of the 3 additional variables that were univariately significant but had been collected only from 1978-1982, a separate logistic model was calculated for the 745 graduates from these 5 classes who had data for all 10 univariately significant factors. In this model, 1 of these 3 additional variables, growing up in a rural area, was independently predictive of rural primary care (odds ratio [OR], 4.0; 95% CI, 2.1-7.6; PϽ.001), while the other 2, freshman-year plan to work in a rural area (OR, 1.7; 95% CI, 0.8-3.6; P=.15) and plan to care for low-income patients (OR, 1.4; 95% CI, 0.8-2.7; P=.28), were not.
Predictors of Rural Primary Care Practice

Predictors of Rural Primary Care Retention
Of the 144 JMC graduates from the classes of 1978-1986 who were in rural primary care practice when initially studied, 86 (59.7%) were still rural primary care physicians in 1999. Being in the PSAP, selecting a rural preceptorship, growing up in a rural area, and attending college in a rural area were univariately related to retention ( 
PSAP Graduates
For PSAP graduates, taking a rural preceptorship and having an NHSC scholarship were univariately predictive of rural primary care practice. When these 2 factors were included in a logistic model (218 graduates), selecting a rural preceptorship was independently predictive of practicing primary care in a rural area (OR, 2.5; 95% CI, 1.3-4.7; P = .004). Having an NHSC scholarship barely missed our cutoff for significance (OR, 2.5; 95% CI, 1.0-6.2; P=.0503). Unlike the results for all JMC graduates, male sex was not related to rural primary care for PSAP graduates (25.6% male, 22.0% female; P = .61).
Non-PSAP graduates who had grown up in a rural area and had a freshmanyear plan for family practice were 78% as likely to practice rural primary care (16/ FIGURE 2) .
COMMENT
The most consistent finding from this study was the powerful impact of background and career plans at the time of admission to medical school on future RURAL PHYSICIAN SUPPLY AND RETENTION rural primary care practice and retention. Most of the factors independently predictive of rural primary care practice (growing up in a rural area, a freshman-year plan for family practice, participation in the PSAP, having an NHSC scholarship, and male sex), and both of the factors independently predictive of retention (participation in the PSAP, and attending college in a rural area) were available at the time of entrance to medical school. In addition, non-PSAP graduates who had grown up in a rural area and had freshman-year plans for family practice (2 key selection criteria for the PSAP and independent predictors of rural primary care), were approximately 75% as likely to become rural primary care physicians and to remain so as PSAP graduates, suggesting that the admissions component of the PSAP is by far the most important reason for its positive outcomes. In fact, few graduates without either of these factors became rural primary care physicians. On the other hand, PSAP graduates were approximately 25% more likely than their peers with these 2 background factors to practice and remain in rural primary care practice, suggesting that some of the success of the PSAP was due to factors other than those available at the time of admission. What portion of this was due to curricular, economic, or other programmatic factors related to the PSAP, or to selfselection, is unclear. Taking a senioryear rural family medicine preceptorship was the only independent predictor of rural primary care practice unknown at matriculation, and was also the only independent predictor for PSAP graduates. However, since this experience is selected during the final year of medical school, it is unknown whether those already planning rural primary care chose to take a preceptorship, or whether the preceptorship experience actually increased the likelihood for this career. The fact that few students who did not grow up in rural areas nor had freshman-year plans for family practice selected the preceptorship (n = 9) suggests self-selection as an important reason. We plan to address this issue in a future survey of JMC graduates. Participation in the required third-year family practice clerkship at a rural location was not independently related to the study outcome. Although other medical school programs with more extensive curricular components have been shown to be similarly effective, 16 the independent effect of curriculum has never been measured. 22, 30 Regarding economic factors, neither freshman expectations of peak income nor medical school debt were predictive of rural primary care for all JMC graduates or for PSAP graduates. Relatively few graduates in this study had high levels of debt, but the recent rapidly increasing level of student debt raises the question of whether this might become a more important factor in the future. 31 Similar to previous reports, 2,5,23 we found that family physicians comprise the majority of rural primary care physicians. However, most family physicians (76%) did not practice in rural ‡Dichotomized at the median. §MCAT Science subtest score for tests taken in 1977 and before, or the MCAT Biology score for tests taken in 1978 and after, normalized to the latter MCAT score range by mean and SD, and using the average of the first 2 test scores if 2 or more tests were taken. MCAT Verbal score for tests taken in 1977 and before, or the MCAT Reading score for tests taken later, normalized to the latter MCAT score range by mean and SD, and using the average of the first 2 test scores if 2 or more tests were taken. ¶DIchotomized based on prior research. 25 #Dichotomized based on prior research at $100 000 (1989 dollars) 28 ; adjusted to 1998 dollars using the consumer price index. **Dichotomized based on prior research at $75 000 (1993 dollars) 29 ; adjusted to 1998 dollars using the consumer price index. 28 ; adjusted to 1998 dollars using the consumer price index.
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©2001 American Medical Association. All rights reserved. areas, and of those who did, almost two thirds had grown up in a rural area. In this study, family practice was the only primary care specialty choice at matriculation that was predictive of rural primary care practice. In fact, a freshman-year plan for general internal medicine was inversely related to practicing rural primary care. Six (2.4%) of the 252 students with a stated intent to pursue general internal medicine became rural primary care physicians compared with 158 (6.5%) of 2421 without such plans. A freshman-year plan for general pediatrics was unrelated to rural primary care. Twelve (5.9%) of the 202 students who planned to pursue general pediatrics entered rural primary care compared with 152 (6.2%) of the 2471 without such plans.
Growing up in a rural area was also found to be an important predictor of rural primary care practice. However, JMC graduates who combined rural backgrounds with freshman-year plans for family practice were more than twice as likely to become rural primary care physicians as those with only 1 of these factors. This is consistent with prior studies showing the cumulative effect of these 2 important characteristics. 18, 24, 32 The PSAP, which is itself a combination of these and other factors, was the only independent predictor of both rural primary care practice and retention. And, although not all PSAP graduates became rural primary care physicians, the vast majority (84%) have been shown to be either practicing in rural areas, or in the smallest metropolitan areas, or in one of the primary care specialties. 18 Having an NHSC scholarship was also a predictor of rural primary care, although we could not determine whether this was due to self-selection by individuals applying to the NHSC, who were already likely to practice rural primary care, or whether it was related to the financial or experiential components of the program. In addition, many of the selection criteria for NHSC scholarship recipients are similar to those for the PSAP. 33 As in other studies, participation in the NHSC scholarship program was not related to retention. 34 Also similar to other studies, we found male sex to be predictive of rural primary care.
2,5 However, with 6.0% of men and 4.1% of women practicing rural primary care, this was the least important of the independent predictors. More importantly, there was no significant difference in outcome based on sex for PSAP graduates, suggesting that for individuals already likely to become rural primary care physicians, this is not an important factor.
A limitation of this study is that it includes graduates from a single medical school. However, we believe that these results have national applicability for several reasons. First, graduates from JMC are similar to those from other medical schools in the percentage entering family medicine (15.6% vs the national average of 11.7% of all US graduates [who entered family medicine residencies for 1981-1993]), 35, 36 and practicing rural primary care (5.0% vs national average of 6.0% for [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] . 37 Second, background and career plans of entering students (the factors found to be most critical in this study) also represent core components of most of the other similar medical school programs 11 and are consistent with prior literature. 22 Third, the overall outcomes of the PSAP are similar to those from other programs with more extensive curricular and financial components, 11 even though JMC is a large private medical school in the northeastern United States (character- istics related to low outcomes of rural and primary care physicians). 23 Fourth, while the physicians in our study all graduated from JMC, they took their residency training at more than 390 hospitals in 43 states, and are currently practicing in all 50 states with most (62%) located outside of Pennsylvania. Although it is important for other medical schools and programs to identify independent predictors of rural primary care supply and retention, JMC is unique in having more than 2 decades of prospectively collected variables from the Jefferson Longitudinal Study database.
Another limitation of this study is that it included a limited number of potential predictors. Prior research has shown other important factors not included in this study (eg, spouse background and preference, residency program, loan repayment). 2, 5, 23, 38 However, results from this study showed that JMC graduates, who lacked 2 important predictive factors at the time of medical school matriculation, irrespective of myriad other factors not analyzed, were highly unlikely to practice rural primary care, and of the few who did, most failed to remain.
Considering the large amount of money and effort spent to address the rural physician shortage in the last few decades, there has been little focus on identifying what works. For those designing such programs, our findings suggest that the greatest impact by far will be achieved by developing strategies that increase the selection of medical school matriculants who grew up in rural areas, plan to practice family medicine, and have other premedical predictors. In fact, any program that does not do this may have limited success. This is also likely to represent the least costly policy option. To accomplish this, however, medical school admission criteria must be broadened to include these factors, thereby increasing the selection of academically qualified applicants who are most likely to practice rural primary care. At JMC, for instance, more than two thirds of PSAP students were not admitted to another school nor would likely have been admitted to JMC without this program, even though their premedical academic credentials were similar to their peers, as were their academic performances during medical school and postgraduate training. [18] [19] [20] Curricular experiences, mentoring, and financial support should also be provided to support these students in their career goals. However, to be successful, medical schools must make eliminating the rural primary care physician shortage one of their priorities. Unfortunately, few incentives exist for most schools to do so, since the major beneficiaries of these programs are rural populations. Without state or federal incentives or regulations, therefore, it seems unlikely that many medical schools will be able to accomplish this.
In conclusion, despite widespread acceptance that a physician's background characteristics are related to practicing rural primary care, medical educators have primarily focused on what happens during and after medical school to affect these career choices. Similarly, it is commonly assumed that the curricular components of successful medical school programs are primarily responsible for their outcomes, although such programs preselect for students likely to achieve these career goals, and the independent effect of these curricula has never been studied. An important lesson from this study is the need to reframe the key policy question from "what can be done during medical school" to "what can medical schools do" to address the rural primary care physician shortage. The data from this study are clear-medical educators and policy makers can have the greatest impact on the supply and retention of rural primary care physicians by designing programs that increase the number of qualified medical school matriculants with background and career plans that are independently related to these career goals.
